Initially submitted August 18, 2016 ; accepted for publication March 2, 2017. According to survey data, the prevalence of Americans' self-reported cigarette smoking is dropping steadily. However, the accuracy of national surveys has been questioned because of declining response rates and the increasing stigmatization of smoking. We used data from 2 repeated, cross-sectional, nationally representative health surveys (National Survey on Drug Use and Health (NSDUH), 1979-2014; and National Health Interview Survey (NHIS), to determine whether self-reported cigarette consumption has changed over time as a proportion of federally taxed cigarette sales. From each survey, we calculated national equivalents of annual cigarette consumption. From 1979 to 1997, the amount of cigarettes that NSDUH and NHIS respondents reported corresponded to an average of 59.5% (standard deviation (SD), 2.3%) and 65.6% (SD, 3.2%), respectively, of taxed cigarette sales. After 1997, respondents' reported smoking data corresponded to the equivalent of an average of 64.2% (SD, 5.9%) and 63.3% (SD, 2.5%), respectively, of taxed cigarette sales. NHIS figures remained steady throughout the latter period, with a decline during 2013-2015 from 65.9% to 61.1%. NSDUH figures increased steadily, exceeding those of the NHIS after 2002. Given the consistent underreporting of cigarette consumption over time, these surveys are likely not less accurate than they were previously. The recent decrease in NHIS accuracy, however, gives pause about the magnitude of the reported decline in smoking prevalence in 2014 and 2015. Improvement in the accuracy of NSDUH data is encouraging. cigarette smoking; prevalence; survey accuracy Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHIS, National Health Interview Survey; NSDUH, National Survey on Drug Use and Health.
The prevalence of cigarette smoking among Americans has fallen to historic lows (1, 2) . By 2014, per capita cigarette consumption, a measure combining prevalence with the number of cigarettes smoked per day, was at its lowest since the Great Depression (3, p. 11). The decades-long tobacco control campaign has averted the early deaths of more than 8 million Americans (4, 5) . Although these accomplishments are impressive, tobacco use still claims the lives of 500,000 Americans annually, making it the largest preventable cause of death (6) . Smoking is highly inversely correlated with socioeconomic status; thus, the behavior, and its toll, are principal sources of health disparities (7) .
Cigarette-smoking prevalence appears to be decreasing faster in recent years, a finding consistent with those from a recent report indicating that smoking-cessation rates are increasing (2, 8) . According to data from the National Health Interview Survey (NHIS), the prevalence of adult cigarette smoking decreased 5.6% from 2013 to 2014 and decreased an unprecedented 10.1% from 2014 to 2015 (2) . Early results from the first half of 2016, however, indicate that smoking prevalence may be 3% higher than it was in 2015, returning the prevalence to a multiple-year pattern of steady decline (9) .
In the present study, we assessed whether this decline was associated, in part, with an increased rate of underreporting of cigarette consumption on national surveys, possibly reflecting lower survey response rates and an increasing stigma associated with smoking ( Figure 1) . If the rate of underreporting has risen, the reported increase in the rate of decline of smoking may reflect an overstatement of the reality. Specifically, we tested whether health surveys are as accurate today as they were in the years since the 1960s.
Our study builds on those of Warner (10) and Hatziandreu et al. (11) , who examined whether, over time and as cigarette smoking fell into greater national disfavor, smokers reported in health surveys that they smoked fewer cigarettes as a proportion of tax-paid sales. Warner (12) found an increase in underreporting by adults in the 1966-1975 NHIS after the influential Fairness Doctrine antismoking advertisements aired on television and radio from 1967 to 1970. Hatziandreu et al. (11) improved on Warner's method by adding adolescent cigarette consumption reported in the National Survey on Drug Use and Health (NSDUH) and consumption by persons who had quit smoking in the past year from the NHIS to estimates of adult cigarette consumption in the NHIS from 1974 to 1985. These authors concluded that the proportion of survey-reported cigarette consumption during those years had remained stable at an average of 72% (11) .
Using data from both the NHIS and NSDUH, we attempted to determine how accurately nationally representative health surveys capture actual cigarette consumption as measured by federal cigarette-tax collections (3, 13) , which are widely considered an accurate assessment of total cigarette sales (14) . Federal tax collections avoid the problem of illicit or untaxed cigarette sales at the state and local level because all cigarettes sold in the United States are subject to the federal tax, including cigarettes sold online and on American Indian reservations (15) . Very few cigarettes sold in the United States are from sources outside the country; hence, there is little evasion of the federal tax (14) . The question we ask is whether today's surveys are as accurate as those in past years.
METHODS

Data
The NHIS and NSDUH are nationally representative surveys. (16, 17) . Comparisons of the survey questions are available in Web Table 2 .
We calculated estimates of cigarette consumption nationally on the basis of reported consumption (prevalence and daily consumption for smokers) for each NSDUH wave conducted from 1979 to 2014 and each NHIS wave that included questions on tobacco use from 1965 to 2015.
We sorted respondents into 5 groups: 1) current everyday smokers who had smoked more than 100 cigarettes in their lifetimes and who smoked each of the 30 days before being surveyed; 2) current occasional smokers who had smoked more than 100 cigarettes in their lifetimes and had smoked during the preceding 30 days but not every day; 3) recent quitters who had smoked more than 100 cigarettes in their lifetimes but had recently quit and who had smoked no cigarettes in the previous 30 days but had smoked on at least 1 day in the previous 31 to 365 days; 4) former smokers who had consumed more than 100 cigarettes in their lifetimes but none in the past year; and 5) never smokers who had consumed fewer than 100 cigarettes in their lifetimes. Slight changes in the questions used to assign smokers to groups occurred over the study period. The most important are detailed in Web Appendix 1. We used survey weights to obtain proportions of persons in each of the 5 cigarettesmoking groups in age-and sex-standardized groups using Stata/ SE, version 14.0 (StataCorp, College Station, Texas) (18) .
We explain in detail in Web Appendix 1 how we calculated cigarette consumption estimates and ratios. In brief, we calculated the average reported number of cigarettes smoked in the previous year for a smoker in each smoker group within each age-and sex-standardized group in each year of each survey. We calculated the total number of people in each smoking group for age-sex groups by multiplying the sample survey-weighted proportions by the population of each group in US Census estimates (19) . NSDUH estimates of adolescent consumption were added to adult consumption estimates for each survey to obtain totals. We multiplied average consumption by each group's population and summed data from all groups in a year to obtain total survey-reported cigarette consumption.
Analysis
We divided the estimated annual consumption of current adult smokers, those who had recently quit smoking, and adolescents for each survey in each year by that year's federal excise taxed cigarette sales. This produced consumption ratios (surveyreported consumption to taxed sales) for each survey in each year with available data. We report these consumption ratios for each survey in each of 3 periods (1965-1978, 1979-1996, and 1997-2015) . The first corresponds to the period from start of the NHIS collection of data on cigarette smoking until the beginning of the NSDUH. The middle period covers the time before the most recent major redesign of the NHIS in 1997. From 1997 to 2015, the NHIS used an expanded core questionnaire that better measured health behavior and access to health care, and was administered using computer-assisted personal interviews (16) . We calculated annual rates of change in cigarette consumption for each survey and each year, and we report average rates of change for each period and survey. Response rates correspond to the number of successfully completed individual interviews divided the number of survey-eligible people who lived in households that were in the NHIS or NSDUH sampling frame in each year (17, 44) .
We then compared the surveys' sums to federal excise tax collections. To formally test time trends, we splined the consumption ratios into the 3 periods and entered those data in a linear regression.
RESULTS
Estimated aggregate national cigarette consumption from each survey and federal cigarette tax collections are reported in Figure 2 . Annual survey-reported consumption peaked at 431 billion cigarettes in the 1977 NHIS, 4 years before the actual sales peak. The trends in actual and observed consumption are correlated at 95.2% and 96.1% in NSDUH and NHIS, respectively. For the NHIS, the pairwise correlation between actual and observed consumption was much lower in the early period (27.9%) than in the middle and later periods (96.4%, and 97.6%, respectively). The first period had fewer years of data; therefore, it did not influence the overall correlation as much as did the next 2 periods. The correlation between actual and observed rates of consumption in NSDUH was reasonably consistent at 96.9% and 89.3% in the middle and later periods, respectively. Specific data on the percent changes in consumption by period for the surveys and the tax data are listed in Web Table 3 .
In Figure 3 , we plotted the consumption ratios for each survey for the indicated years, and in Table 1 , we summarized the consumption ratios for each period. Throughout the study years, survey-reported cigarette consumption was greater than or equal to three-fifths of tax-based sales. Cigarette consumption ratios reported in the NHIS were highest in the 1960s and fell toward a relatively stable two-thirds of actual consumption in the later decades. However, the ratio has declined substantially since 2011, from 68.3% to 61.1% in 2015. Cigarette consumption ratios reported in the NSDUH remained stable at about three-fifths of consumption from the beginning of the survey until the mid-2000s, when the ratios began trending upward toward 72% of actual consumption in the most recent surveys. Before 2003, the NSDUH-reported cigarette consumption ratio was lower than that reported by the NHIS for every year except 1, and the NSDUH cigarette consumption ratio has exceeded that reported by the NHIS every year since 2003. Table 2 shows the average number of cigarettes smoked by each smoker group in each period of each survey. The cigarette consumption reported by everyday cigarette smokers was consistently higher in the NHIS than in the NSDUH. In the most recent years, much more cigarette consumption was reported from occasional smokers and smokers who had recently quit in the NSDUH than in the NHIS. From 1997 to 2015, NSDUH respondents averaged 2% more total cigarettes smoked (240.0 billion) than did NHIS respondents (235.5 billion). From 1979 to 1996, the NHIS participants reported almost 12% more cigarettes consumed than did NSDUH participants (357.6 billion and 320.0 billion, respectively). For all survey periods and for both surveys, everyday smokers accounted for greater than 93% of total cigarette consumption, except for the most recent period of NSDUH, when everyday smokers accounted for only 88% of cigarettes consumed.
We regressed survey year on each survey's consumption ratios to determine if the ratios were increasing or decreasing linearly over each period and, if so, by how much. NHIS consumption ratios declined 0.891 percentage points per year from 1965 to 1978 (P < 0.001) and 0.262 percentage points per year from a The consumption ratio is the percent of cigarettes reported to be consumed in surveys divided by the actual number of cigarettes sold in each year.
1979 to 1996 (P = 0.007), and they were essentially unchanged thereafter (decrease of 0.075 points; P = 0.440). NSDUH ratios declined 0.358 percentage points per year from 1979 to 1996 but rose 0.979 percentage points for each year of the survey thereafter (both P < 0.001; Web Table 4 ).
DISCUSSION
Scholars worry that the survey as a reliable data collection tool is in a state of chronic, withering decline (20, 21) . Rates of nonresponse to surveys have been rising steadily over the past half-century (22, 23) . Technological evolution and changes in social support for volunteerism have challenged the collection of reliable data from a representative sample of the general population (24) . Persons of lower socioeconomic status participate in surveys at lower rates, potentially biasing crucial measurements of health disparities (23) .
We undertook the present study to assess whether influences like increasing rates of nonresponse and increasing antismoking sentiment might have increased underreporting of cigarette consumption, which would help explain an unusually large, recently reported decrease in smoking prevalence. Our results suggest that, in general, survey estimates have not deteriorated. Two national surveys have maintained their twothirds accuracy over more than 3 decades. Reported declines in smoking prevalence likely reflect the true trend over time.
This said, recent trends in the rates of cigarette consumption reported in the NHIS and NSDUH give pause. During 2013-2015, when the NHIS-reported smoking prevalence declined substantially, the consumption ratio fell from 65.9% to 61.1%. We cannot assess how much of the lower ratio reflects deterioration in the ability of the NHIS to capture smoking prevalence and how much reflects smokers' daily consumption; it could reflect both. At the extreme, if the entire problem lay in estimating prevalence (i.e., the survey was capturing daily consumption as accurately as in 2013), the prevalence would not have fallen at all in 2014 and would have dropped to 16.3% instead of 15.1% in 2015. Although this extreme is unlikely, it still suggests that the 2015 NHIS prevalence estimate may represent a larger decline than actually occurred. This would be consistent with the recently reported NHIS smoking prevalence of 15.6% for the first three-quarters of 2016. If this estimate holds for the entire year, the 2016 NHIS consumption ratio might improve compared with that calculated for 2015.
The NSDUH's ratio of survey-reported consumption to actual taxed sales has improved steadily for more than a decade. It reached 72% in 2012, which suggests that reporting accuracy is improving. The NSDUH introduced computer-assisted interviewing techniques in 1999 and started compensating survey respondents in 2002 (25) . These changes may have contributed to the NSDUH's response rates not deteriorating substantially since 1998 (26) . Ironically, that the NSDUH (2) has captured a larger percentage of actual cigarette sales over time suggests its estimates of smoking prevalence may understate the actual decline.
Historically, the NHIS has produced what has been considered the gold-standard estimates of the prevalence of adult smoking. We cannot answer whether the recent decline in the NHIS consumption ratio represents a survey design problem or the random year-to-year vagaries of survey data collection. Fluctuations in previous years suggest the latter. Nevertheless, it will be important to monitor the ability of the NHIS to capture actual cigarette consumption in the coming years. Had we observed a similar decline in the NSDUH ratio, we might have speculated that a growing social bias against smoking was being reflected in less-accurate reporting. The increasing cigarette consumption ratio according to NSDUH data indicates that a growing social bias is unlikely. We want to emphasize the important bottom line about both surveys, however: Over several decades, the rate of underreporting of cigarette consumption does not appear to have deteriorated.
The concern about the recent falling cigarette consumption ratio in the NHIS and its potential implications for overestimation of the decline in smoking has an interesting parallel dating from the opposite end of the time spectrum we examined. According to NHIS data, the highest-ever consumption ratio was 83.1% in 1966; the ratio dropped to 74.3% in 1970, implying an 8.6% decrease in reporting accuracy. The NHIS surveys of the time, therefore, may have overestimated the actual decline in smoking. This finding is consistent with what Warner found in 1978 (10) .
Previous studies comparing smoking estimates among US national surveys
In prior comparisons among estimates of national surveys of the prevalence of smoking, researchers have noted that the surveys considered here use different definitions of who The NSDUH regularly reports estimates of overall smoking prevalence that are one-fifth to one-fourth higher than estimates from the NHIS. However, both surveys have produced consistent estimates of everyday smoking prevalence. The higher overall prevalence estimates in the NSDUHs reflect its larger percentages of occasional smokers and those who have recently quit smoking. (Recall that the NHIS includes people 18 years of age or older, whereas the NSDUH includes people 12 years or age or older.) The differences in the prevalence estimates from the 2 surveys raise an intriguing question: Which is closer to right in that it captures those people we want to consider smokers because their smoking jeopardizes their health? If, for example, the NSDUH's extra smokers include a statistically meaningful number of people who smoke 1-2 cigarettes at occasional parties, as is the case with many college students (29, 30) , should we be concerned about the health consequences? Should we label them smokers?
Limitations
Our estimates of aggregate reported cigarette consumption draw on both the number of smokers (and how many days per month respondents smoke) and the amount of cigarettes smoked per day. Although we can assess the validity of the aggregate numbers (compared with taxed sales), we cannot ascertain whether there may have been different changes over time in reporting accuracy concerning the number of smokers and the amount of cigarettes smoked. However, because consumption ratios have been reasonably steady, for reporting of smoking prevalence to have deteriorated over time, smokers would have had to increase the accuracy with which they report their daily consumption. This seems unlikely.
Because of inherent survey instrument limitations, we cannot estimate cigarette consumption among those occasional smokers who did not identify themselves as smokers in the NHIS before 1980 and in the NSDUH before 1985. This is unlikely to substantially lower survey-reported consumption. Adding a question about occasional smoking to the NHIS in 1992 increased the estimated prevalence of smoking by 1 percentage point (31) . The increase in the aggregate number of cigarettes would necessarily be far smaller. Our choice to exclude people (mostly adolescents) who reported being current smokers but also reported having smoked fewer than 100 lifetime cigarettes decreased survey-reported consumption estimates very slightly.
Importantly, the NHIS and NSDUH only survey members of the civilian, noninstitutionalized population. Omission of US military personnel, who smoke at a rate 50% greater than the comparable civilian population (32) , downwardly biases estimates of aggregate cigarette consumption and, hence, the consumption ratio. Similarly, differences in smoking rates between institutionalized and noninstitutionalized populations could introduce a bias, although in which direction is not obvious. For example, smoking rates within the incarcerated population greatly exceed the rate among the noninstitutionalized population, and incarceration rates have increased since the early 1990s (33) . Omitting the incarcerated population might have reduced consumption estimates, with underreporting having increased with growing incarceration rates. However, increasing numbers of prison systems that prohibit smoking would have the opposite effect. Older persons in skilled nursing facilities might have higher or lower smoking rates than the noninstitutionalized elderly (34) . As with prisons, many nursing homes prohibit smoking. The overall impact of omission of the institutionalized population is not clear.
Although tax-based sales data capture the majority of cigarette sales, they miss roll-your-own cigarettes and cigarettes bought abroad. However, some purchased cigarettes may never be smoked. Overall, the tax-based measure is considered a very good measure of total consumption (35) .
We did not include data from 2 other nationally representative surveys, the National Health and Nutrition Examination Survey (NHANES) and the Behavioral Risk Factor Surveillance System. The latter does not consistently collect information on the number of cigarettes smoked per day. The NHANES is not conducted yearly, and there were only 8 available years from the time NHANES data permitted calculation of aggregate cigarette consumption. The NHANES is unique among the survey options because it allows biological confirmation of smoking by assessing the nicotine metabolite cotinine found in biological samples provided by survey respondents. However, studies find little consistency in the number of cigarettes per day respondents report smoking and their salivary or blood cotinine levels. Measured cotinine varies substantially by respondents race, ethnicity, sex, age, puff topography, and type of cigarette smoked (36) (37) (38) .
We used cigarette consumption estimates from the report The Tax Burden on Tobacco (3) in lieu of Federal Trade Commission estimates because the latter lacked consumption estimates for 2014 and 2015 (39) . We did not use the Alcohol Tobacco Tax and Trade Bureau sales data because its published data series began in 1984 (13) .
Conclusion
Whether measured with objective (i.e., tax based) or subjective (i.e., survey) data, smoking has declined dramatically since the prevalence peaked in the early 1960s and total cigarette consumption peaked in 1981. Understanding the nature and extent of the decline is important. The measures serve as benchmarks of progress against "Public Health Enemy Number One" (6, p. 27). As well, evaluations of interventions' effectiveness rely on such data. Their validity is essential to assess what works in tobacco control and what does not. Recent reports provide reason for optimism that the gradual demise of smoking is hastening (1, 2, 40) . Our results suggest that the accelerating decline in smoking prevalence is likely real, although the decreasing NHIS consumption ratio since 2011 might be associated with overstatement of the recent reduction in adult smoking prevalence, especially in 2015. Newly released data for the first half of 2016 are consistent with this possibility. Continued vigilant study of these surveillance systems' accuracy is essential.
Although our general finding is reassuring, learning that major surveys capture approximately two-thirds of cigarette consumption is not. We need to understand what proportions of the underreported third reflect inaccurate reporting of smoking status, underestimation of daily consumption, or higher rates of smoking in the military and institutionalized populations. Research offers some insight but has not yet yielded the definitive answer (41, 42) . More generally, as survey researchers confront increasing refusals to participate in surveys and as the methods and technology evolve (43), we will require creative approaches to learn about the relationships between our behaviors and the health of the nation.
